Background Inadequate bowel preparation is still the main obstacle to a complete colonoscopy in many patients and necessitates many repeated procedures. We aimed to identify risk factors associated with inadequate bowel preparation and to better characterize these patients.
Introduction
Adequate preparation of the colon is essential for the optimal visualization of the colonic mucosa, and effective bowel preparation is directly correlated with the safety, accuracy, quality, and duration of the colonoscopy procedure [1] [2] [3] [4] . Multiple bowel preparations exist, with the ideal preparation being effective, safe, convenient and tolerable. Most of the available preparations can produce satisfactory cleansing results with acceptable tolerance, though the results for individual patients are variable. Despite the wide heterogeneity and variable data, the overall results from the available studies and meta-analyses do not indicate a clear advantage for one specific agent over another. As a result, no regimen has been universally adopted [5] [6] [7] [8] [9] [10] [11] [12] [13] .
Unfortunately, bowel preparations are inadequate in up to 25-30% of examinations [14, 15] . This may increase the risk of adverse events related to the procedure, lengthen the procedure time, and be inversely related with cecal intubation and adenoma detection rates [16, 17] . An inadequate level of preparation entails a greater cost and creates a drain on endoscopic resources because of the need for early repetition of the procedures and the longer procedure duration [18] .
The reported predictors of inadequate bowel preparation include previous inadequate bowel preparation, inpatient status, advanced age, comorbidities, and polypharmacy [19] [20] [21] [22] [23] [24] . An awareness of these risk factors, as well as identifying others, can direct physicians to implement measures to manage patients at risk and to use more efficacious or tailored regimens [25, 26] . In the current study, we reviewed the bowel preparation before colonoscopy in a large cohort over a 10-year period, to identify the risk factors for poor bowel preparation and to better characterize this population.
Patients and methods
We conducted a retrospective, large cohort study, which examined consecutive patients who underwent a colonoscopy over a 10-year period in the gastroenterology department at the Hilell Yaffe Medical Center, a University-affiliated hospital in Israel. Patients who had a full data set, including demographic details (age and sex), procedural setting (inpatient/outpatient), indication for the procedure, regimen and quality of bowel preparation, depth of examination, and endoscopic findings, were included in the final analysis. All patient data were collected from the department's electronic record system. Arab and non-Jewish patients were included as minority populations. The indication for the procedure was derived from the examination report. For a few of the patients, multiple indications were recorded. In this case, we reviewed the clinical reports and scanned referral letters, and selected the dominant and direct indication for referral for an endoscopy.
Patients were included if they had a bowel preparation with standard, commonly used, polyethylene glycol (PEG)-based (Meroken©, MoviPrep©) or picosulfate-based (Picolax©) regimens. Bowel preparations with a fleet enema, bisacodyl tablets or any other non-widely acceptable bowel cleansers (such as phosphate-containing regimens) were excluded. Meroken is a high-volume (4 L) 3350 PEG cleansing solution with sulfite and Moviprep is a 3350 PEG low-volume (2 L) preparation with ascorbic acid. Patients were given the same written instructions for diet recommendations and purgative handling for each preparation regimen. Patients were directed to use split-dose consumption in the Picolax© and MoviPrep© regimens, while one-dose consumption was the mainstay instruction for the majority of patients who performed a preparation with Meroken©.
Patients under the age of 18 years old, as well as patients with missing data, were excluded.
For the assessment of the bowel preparation, a uniform institutional scale with 5 categories was used, and the preparation was categorized as poor (a large amount of fecal residue precludes a complete examination), inadequate (feces or turbid fluid prevent a reliable examination), fair (moderate amount of stool that can be cleared with suctioning permitting an adequate evaluation of entire colonic mucosa), acceptable (small amount of turbid fluid or feces not interfering with the examination), and good (small amount of clear liquid with a clear mucosa seen). The preparation quality was later classified accordingly as "adequate preparation" (good/acceptable/fair) or "inadequate preparation" (poor/inadequate).
The patients were divided into 2 groups according to the adequacy of the bowel preparation. We performed a multivariate analysis to identify the effect of multiple variables on the bowel preparation, including demographics, setting, indication, and preparation regimen. In addition, to identify the effect of bowel preparation on the outcome of the procedure, we compared the polyp detection rate and cancer detection rate, as well as the cecal and terminal ileum intubation rates, in both groups. We carried out a multivariate analysis to account for the variability caused by age, sex, setting, the indication of the procedure and the quality of the bowel preparation, as these could potentially affect the outcome of the procedure.
Statistical analysis
Descriptive statistics, in terms of the mean, standard deviation and percentiles, were derived for all parameters in the study. Differences between the 2 groups (adequate vs. non-adequate preparation) in the quantitative parameters were tested using Student's t-test, while Fisher's exact test was used for the categorical parameters. Chi-square tests with an adjusted P-value (Bonferroni method) were applied to evaluate the differences between the 2 groups (adequate preparation vs. non-adequate preparation), the three preparation regimens (MoviPrep, Merokem and Picolax) and the patients' stratified age groups (<50, 51-70 and over 70 years). Several multivariate logistic regression models with forward selection were used to determine the effect of the independent parameters associated with the polyp detection rate, cancer detection rate, terminal ileum, and complete examination rates. SPSS version 25 was used for the statistical analysis. P<0.05 was considered as significant.
Results
A total of 31,210 procedures in the study period were reviewed. Of these, 2485 patients (7.9%) did not meet the inclusion criteria and were excluded as follows: 981 (3.1%) were under the age of 18, 940 (3%) used a non-standard bowel preparation, and the other 645 (2%) did not have a full data set. Thus, a total of 28,725 patients were included in the study, of whom 6702 (23.3%) were considered to have inadequate bowel cleansing and were classified as the inadequate bowel preparation group. The baseline characteristics of both groups are summarized in Table 1 . The groups differed with regard to demographic data: the inadequate preparation group had a higher mean age (62.7±14.1 vs. 56.7±14.1 years; P<0.01) and more male patients (56.6% vs. 49.2%; P<0.01) compared with the adequate group. Both the adequate and inadequate preparation groups included a small percentage of minority populations (14.5% vs. 21.5%; P<0.01) and the procedures were performed mainly in the outpatient setting (88.8% vs. 75.5%; P<0.01), respectively. The inpatient setting represented only a minority of the total referred patients (15.9%, 4572 patients). Overall, 55% of the patients were referred from internal medicine wards and 45% from surgical wards.
The most common indications for a colonoscopy in both groups were abdominal pain and diarrhea (22%), followed by anemia and a positive fecal occult blood test (19.5%). However, although there was no noticeable difference in the procedure indications between the groups, a statistically significant difference was noted for several colonoscopy indications. A larger percentage of procedures in the inadequate preparation group were performed for a personal history of polyps (9.1% vs. 7%; P<0.01), anemia and a positive fecal occult blood test (23.6% vs. 18.3%; P<0.01) and constipation (9.1% vs. 7.3%; P<0.01), but fewer for diarrhea and abdominal pain (18.9% vs. 22.9%; P<0.01), and screening (4.6% vs. 3.2%; P<0.01). In addition, as presented in Table 1 , both the groups varied in terms of the bowel preparation regimen used. The most frequently used regimen in both the groups was MoviPrep©, although data on the preparation regimen used was unavailable in many patients.
In the multivariate analysis of risk factors for inadequate preparation, as presented in 
Discussion
Recent advances in endoscopic procedures have led to improvements in both image enhancement and procedural performance. Inadequate bowel preparation is a leading cause of failed exams and hampers the performance of high-quality endoscopy. Reports in the literature indicate that inadequate bowel preparation is observed in approximately 25% of all colonoscopies, but could be as high as 35-40% [27] .
In our study, we demonstrated that almost one quarter of patients referred for colonoscopy procedures are inadequately prepared. In our practice, patients with inadequate preparation are invited to repeat the procedure within 3 months to one year, depending on the procedure's indication, the grade of inadequacy and the procedure completion status. In this scenario, a large number of patients were brought back for repeat colonoscopies, which translated into a huge impact on the cost to the healthcare system and resource consumption.
In the current study, we reviewed our experience over the last decade, focusing on various risk factors that, from the clinician's point of view, contributed to poor bowel preparation. This is the first study in a series that aims to characterize this population, as a step towards implementing tailored preparation regimens in an attempt to improve the quality of bowel preparation in our practice. Regarding the demographic profile, we demonstrated that advanced age is associated (OR 1.015, 95%CI 1.013-1.017; P<0.01) with an inadequate preparation, especially in the age group of patients above 70 years old compared to those under 50 (OR 1.856, 95%CI 1.679-2.051; P<0.01). Comorbidities, polypharmacy and reduced colonic motility, more prevalent in elderly patients, are suggested mechanisms [28] [29] .
In concordance with other reports [30] , male sex (OR 1.353, 95%CI 1.286-1.423; P<0.01) was also linked to inadequate preparation. In addition, belonging to a minority population (OR 1.635, 95%CI 1.531-1.746; P<0.01) was significantly associated with an inadequate bowel preparation, apparently as a result of language and communication gaps. The inpatient setting was among the most prominent factors associated with poor bowel preparation (OR 2.018, 95%CI 1.884-2.163; P<0.01). Acute disease, polypharmacy and urgent procedures may lead to difficulties in completing bowel preparation regimens. Moreover, narcotic use and protracted immobility may decrease gastrointestinal motility and are among the postulated explanations for inadequate bowel preparation [30, 31] . We also found that, when classified by the referring department, patients hospitalized in internal medicine wards tended to be more inadequately prepared compared to those in surgical wards. This could possibly be explained by the variances in the medical background and procedural indications. The importance of staff experience and the awareness of the significance of bowel preparation, as well as staff education in this regard, cannot be underestimated.
In the current study, we demonstrated that several of the indications of the procedure and the clinical settings were linked with poor preparation. Constipation was significantly associated with inadequate cleansing (OR 1.373, 95%CI 1.24-1.519; P<0.01), consistent with similar findings from other studies [32] . Likewise, patients with rectal bleeding were less adequately prepared (OR 1.473, 95%CI 1.355-1.602; P<0.01), apparently because of the urgent nature of procedures in this setting. We could not, however, find other reports examining or confirming this finding. Similarly, Chung et al [23] demonstrated that past abdominal surgery was an independent predictor of an inadequate preparation, in concordance with our demonstration that surveillance procedures after past colonic surgery are associated with poor bowel preparation (OR 1.266, 95%CI 1.089-1.472; P=0.02).
With regard to bowel preparation regimens, we performed a comparison between 3 regimens commonly used nationally in recent years. We were surprised to find that Meroken© (3 L; PEG-based purgative) was associated with a more inadequate preparation compared to Picolax© (OR 1.541, 95%CI 1.41-1.684; P<0.01), while the low volume MoviPrep© (2 L; PEG-based purgative) was not (OR 0.942, 95%CI 0.869-1.021; P=0.147). To investigate these findings in more depth, we reviewed the available instructions for all the regimens, including diet recommendations, purgative handling and timing before the procedure. The only noticeable difference was that patients receiving Meroken© were instructed to drink it in one dose, while in the other regimens a split dose was recommended. This could explain the higher rate of poor preparations in this group, as a meta-analysis of 5 randomized controlled trials found that a split-dose regimen of PEG significantly enhanced the percentage of patients with adequate preparation, while this was also linked with increased patient compliance as well as decreased nausea [33] .
Unsurprisingly, in the current study, we showed that colonoscopy performance is significantly affected by inadequate bowel preparation. Besides the reduced polyp detection rate and cecal intubation rate, also demonstrated in many other reports [34, 35] , we showed that the colorectal cancer detection rate, as well as the terminal ileum intubation rate, were significantly enhanced when patients were adequately prepared compared with the poorly prepared patients. Thus, our study confirms the negative effect of inadequate preparation on the efficiency and outcome of the colonoscopy in routine clinical practice.
The strengths of our study include the large cohort involved, the inclusion of different multiple indications and settings reflecting real-world practice, as well as the comparative evaluation of several preparation regimens. Our study has limits inherent in its retrospective nature. Other possible factors, such as patient history, background diseases and medications that might have impacted the bowel preparation, were not included. Data on the preparation regimen used were unavailable in many patients. In addition, we acknowledge that no precise data about the use of whole-dose day-before and split-dose preparation were available to us because of the retrospective nature of the study; this is an important limitation. Our study focused on the clinician's point of view and did not include patient-related factors such as compliance with dietary modifications, the timing of bowel purgative administration, water consumption and appointment waiting time for the colonoscopy, among other factors that may have impacted outcomes. We did not use an internationally validated scoring system for the bowel preparation, although we used a scale similar to the validated Aronchick scale.
In conclusion, we have demonstrated the low diagnostic yield and outlined the various factors associated with inadequately prepared procedures. Further studies are under way to examine tailored preparation regimens in this setting.
Summary Box
What is already known:
• Inadequate bowel preparation is a leading cause of failed colonoscopy, causing an inconvenient experience for the patients and an economic burden • Old age, constipation, and immobility are well-known risk factors for inadequate bowel preparation
What the new findings are:
• Several risk factors for an inadequate bowel preparation were observed, including increased age, male sex, minority populations, past colonic surgery, as well as rectal bleeding and constipation indications • Inpatient procedures are associated with a greater risk of poor bowel preparation • Poor preparation was associated with poor colonoscopy quality indicators and a lower rate of colorectal cancer detection
